A new photosynthetic bacterium isolate was morphologically identified as a non-motile rod-shape gram-negative bacterium. It produced a dark red culture under phototrophic condition, reproduced by budding and formed a lamellar intracytoplasmic membrane system parallel to cytoplasmic membrane, which contained bacteriochlorophyll a and caratenoids. It's physiological and nutrient requirement tests gave indication that the isolate thrived and multiplied in varied environmental conditions. It was consequently named Z08 and identified as Rhodobacter sphaeroides by 16SrDNA. Adaptation of Z08 to biodegradation of two environmentally concerned wastewaters, i.e. soybean and pharmaceutical wastewaters, attested its potential in wastewater bioremediation. Z08 adaptation in a suspended batch photobioreactor treating pharmaceutical wastewater at 3500lx radiation recorded best result after wastewater dilution of 1:4 with concomitant chemical oxygen demand reduction, biomass yield and specific growth of 50 %, 780 mg/L and 0.015/h, respectively at the lowest hydraulic retention time of three days. Furthermore, gas chromatography mass spectra analyses of treated and raw pharmaceutical wastewater indicated that high molecular weight recalcitrant compounds found in the pharmaceutical wastewater were transformed to less toxic and acceptable lower molecular weight substances through biodegradation. Whilst Z08 treatment of soybean wastewater under natural light intensity radiation recorded 80 % reduction, 1540 mg/L and 0.025/h for chemical oxygen demand, biomass and specific growth rate respectively regardless of the food to microorganism ratio. This preliminary investigation showed that isolate Z08 has some toxic tolerance level which could detoxify refractory substances with great potential for cell protein recovery in high organic strength wastewater. Therefore, strain Z08 could be employed in biodegradation of contaminated wastewater streams.
INTRODUCTION
Photosynthetic bacteria (PSB) are one of the general terms for prokaryotes holding the original photosynthetic system, which had large variety and wide distribution in the environment (Kosama and Obst, 2009) . The traces of which are often observed in the paddy fields, lakes, rivers, oceans, activated sludges and soils (Okubo et al., 2006; Koblizek et al., 2008; Zhang et al., 2009 ). According to "Bergey's Manual of Determinative Bacteriology" (Holt et al., 1994) , PSB can be divided into three families and 27 genera. They are the gram-negative (G-) bacteria with varied shapes, including spherical, rod, arc or spiral.
Individual bacterium could be about 0.3 um -1.5 um in diameter or more. Propagation method of PSB is either budding or by binary split breeding. The bright colors such as purple, red and red-brown of the bacterial suspension are another important feature for PSB (Imhoff, 1992) . They are special microbial category because all the PSB have in-vivo bacteriochlorophyll and carotenoids that carry out photosynthesis without oxygen production, which differentiate them from the cyanobacteria and green plants (Howard, 1987) . Their photosynthesis depends on the external electron donor, such as sulfide, molecular hydrogen or organic substances. PSB have become famous for wastewater purification in recent times (Kantachote et al., 2005; Yegani et al., 2005; Chae et al., 2006; Kosama and Obst, 2009) , since there are two flexible metabolic pathways for them, i.e. the respiratory and the fermentative pathways (Siefert et al., 1978) which enable them to adapt to varied environmental condition. Experimental data also proved that some PSB species have high toxicity resistant level and can survive in toxic ridden wastewater whereby it utilizes the toxic substances as carbon source for growth and reproduction (Ding, 2008; Madukasi et al., 2010) . The aim of this study therefore was to isolate and identify a new PSB and also to test the viability of the isolated bacterium in wastewater bioremediation utilizing two distinct industrial wastewaters including the toxic prone pharmaceutical and the organic ridden soybean wastewaters, respectively. This investigation was solely done on the isolate growth cum pollutants biodegradation using the Chemical oxygen demand (COD) as the aggregated pollutants. The research was carried out between August 2009 and July 2010 at the State Key laboratory of Urban Water Resource and Environment of Harbin Institute of Technology, China.
MATERIALS AND METHODS

Sampling and enrichment culture
The bacterial strain used in this study was isolated in a marshy soil obtained from southern China. The soil samples were collected randomly from the top soil layer and stored in closed containers at 4 ºC prior to use. Microbial enrichment and isolation were performed using sterile Rhodospirillum medium (RM) as described in Table 1 (Banerjee et al., 2000) .
Isolation and purification of the PSB
An enrichment culture technique was used to isolate the PSB. A mixture of 95 ml sterile RM and 2 g soil were added into a 100 mL graduated cylinder, 5 mL sterile liquid paraffin was equally added on top of the solution to create anaerobic condition and incubated at 30 ºC for 7 d under intense illumination with a 100 W incandescent lamp statically. After 7 d of incubation, the isolate was transferred into a 100 mL freshly prepared RM with a concentration of 840 mg/L (dry cell weight) and incubated at the same conditions 3 consecutive times until a dark red coloration was achieved. Purification of single colonies was achieved by the dilution of 1 mL with successive Re-streaking in a modified Sistrom minimal (RCVBN) medium (Madukasi et al., 2010) (Table 2 ).The RCVBN medium contained 2 % agar with malate as a sole carbon source, incubation was at 30 ºC for 48 h under same illumination condition prior to the cell morphology, mortality, gram-reaction and physical characterization examination. RM was sterilized by autoclaving (121ºC for 20 min). Nutritive agar (NA) was used for isolation, enumeration and maintenance of pure strains.
Identification of photosynthetic bacteria
The physiological and biochemical tests were done as described by Yousefi Kebria et al, (2009) . Morphological and physiological characterization of the isolate was studied on nutrient agar. Gram-reaction, mortality, shape and color of the colony, oxidase activities and nutrients reduction were all examined as recommended by Fain and Haddock (2001) . Carbon utilization test was carried out as recommended by Ven tose et al. (1982) . Internal photosynthetic membranes were identified using a Transmission electron microscope (TEM), JEM-2010, JEOL; the analysis followed the instruction manual attached to the instruments by the manufacturers. Cell pigment scans and absorption spectra of the living cells suspension were performed using cell pellets resuspended in 60 % sucrose utilizing an Aminco DW-200 UV-Visible spectrometer in the split mode. Cellular fatty acids analysis was carried out by Sherlock MIS specification test, brief procedure of the Sherlock MIS specification test is as follows: Photosynthetic isolates were cultured on Bactotryptic soy broth agar (Difco) and incubated at 28 ºC for 48 h and the cellular fatty acids contents determined by the MIDI procedure (MIDI, Inc, New York Del). Identification of the isolates was based on a comparison of fatty acid profiles using the fatty acid profiles in tryptic soy broth agar anaerobe database (Sasser, 1990; Vladimir and Thomas, 1998) .
Analysis of 16SrDNA sequences
Genomic DNA of the isolate was extracted with a GenElute DNA extraction kit from Sigma. Amplification of 16SrDNA with eubacterial universal primer 27F and 1492R was carried out (Lane, 1991) . The 16SrDNA has been popular in bacterial gene identification partly because of it relatively small size which hastens sequence analysis as it saves time. Genomic DNA/PCR was performed utilizing EZ-10 Spin Column DNA purification Kit according to the manufacturer's instruction manual (Bio Basic Inc.). Sequencing was done utilizing abiprism dye terminator cycle sequencing kit with AmpliTaq DNA polymerase and an applied biosystems 373 DNA sequencer (Perkin-Elmer, Califonia, USA) The sequence was analyzed utilizing the check chimera and the similarity rank program of the Ribosomal database project (Altschul et al., 1990) to determine the closest available database sequences. Selected 16srDNA sequences were aligned using the Cluster W program (Hall, 1999) . Furthermore, the phylogenic relationship of the isolate was determined by comparing the sequence data with sequences of some members of the genus Rhodopseudomonas available through the GenBank database of the Central Laboratory of the School of Municipal and Environmental Engineering, Harbin Institute of Technology. A phylogenetic tree was constructed utilizing cluster W by distance matrix analysis and the neighbor joining method (Saitou and Nei, 1987) .
Application of new strain isolate Z08 in wastewater biodegradation
Z08 isolate was suspended in 500 mL conical flasks (photo-bioreactors) with a concentration of 840 mg/L (dry cell weight). The photo bioreactors were tightened by oxygen enriching membranes and agitated with magnetic stirrer at moderate speed; the treatment temperature varied between 25-30 ºC and the pH was near neutral. The Dissolved oxygen (DO) was kept around 1.0 mg/L for both the soybean and the pharmaceutical wastewaters respectively. Four levels of ratio of food to microorganisms (F/M, mg-COD/mgbiomass), 49, 20, 10 and 2 were tested. The pharmaceutical wastewater bioreactor was illuminated with incandescent lamp on both sides at incident light intensity of 3500 lumens, while the soybean wastewater was treated under natural light intensity.
RESULTS AND DISCUSSION
Isolation and purification of the PSB
The successive re-streaking on RCVBN medium containing 2 % agar from the enriched broth yielded three distinct red colonies (strains) that were purified consecutively. Through some experimental observations, one strain which had the best bioactivity was chosen to be used in the latter experiments and was named Z08.The cells were red and uniformly distributed in the liquid medium (Fig.1a) . Whilst in the solid medium (Fig.1b) , the cells were red-brown, round shape, having low convex surface, compacted edge, being moist with shiny and translucent features.
Identification of the PSB Rehabilitation staining tests
The selected isolate named Z08 was subjected to morphological and physiological characterization. For both the single and double staining tests, optical microscopic observation of the single stained Z08 utilizing Scanning electron microscope (SEM) depicted that the cells were spheroid and the diameter of a single bacterium was about 1.0 µm × 2.0 µm. While the double staining test of the isolate showed that the isolate was G-species.
Microscopic scanning test
The microscopic scanning test of the isolate Z08 utilizing TEM showed clearly that the single cell isolate Z08 was spherical ellipsoid and the diameter of a single bacterial cell was about 1.0µm × 1.5µm. The internal photosynthetic membranes appeared lamella and lay parallel to the cytoplasmic membrane, which is an indication that the organism is a photo bacterium capable to adjust to any radiation intensity using its vacuole.
Carbon source utilization of Z08
The isolate Z08 utilized organic compounds found in the modified RCVBN medium. It grew in limited oxygen environment micro aerobically with either (NH 4 ) 2 SO 4 or NaNO 3 as a nitrogen source in an intense radiation. All the vitamins of the basal minimal medium were necessary for its growth. In contrast, the bacteria could not take advantage of some tested inorganic compounds such as sodium, sodium thiosulfate and sodium oleate as summarized in Table 3 . These results indicated that the isolate Z08 was most closely allied to R. sphaeroides although R.sphaeroides had recorded utilization of methyl cellulose and starch in complete anaerobic condition (Wilson et al., 2008) . The isolate Z08 could neither metabolize methyl cellulose nor starch in micro aerobic environment. A suggestion is that the isolate metabolism favors soluble solids more than the insoluble matters micro aerobically.
The characteristic absorption peak of the isolate Z08
Micro aerobic photo heterotrophic growth of Z08 
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isolate showed the cell suspensions to be red and the absorption spectra of the living cells showed maxima as summarized in Table 4 . This showed that Z08 cell has bacteriochlorophyll a, which absorbs at 370 and 850nm, there was no absorption peaks for bacteriochlorophyll b (400, 605, 840 and 1025-1035 nm) and c (660-668 nm), the absorption at 450 and 570 nm indicated the presence of a major carotenoid pigment spheroidenone that absorbs at 450 and 570 nm respectively (Vladimir and Thamos, 1998; Madigan et al., 2000) . These are characteristics features of a photo bacterium; therefore the isolate Z08 is a typical PSB. Furthermore, after the growth of the PSB isolate in pharmaceutical wastewater under micro aerobic -photo heterotrophic conditions, the cell suspensions were red and the absorption spectra of the living cells suspension also showed maxima at 370, 782, 800, 827 and 852 as shown in Fig. 2 . The two main peaks at 370 and 850 nm, which are allied to bacteriochlorophyll a, are characteristics of purple non-sulfur bacteria. These findings confirm previous work of the authors on this PSB specie (Madukasi et al., 2010) , which denote that Table 4 : The in-vivo spectrum of the isolate Z08 characteristic absorption peak the isolate to be purple non-sulfur PSB.
Z08 gene identification
Application of GC-FAME (Gas chromatography of fatty acid methyl ester) analysis on the PSB isolate (Z08) identified the PSB as being closely related to R. sphaeroides (Rhodospirillaceae) with similarity indices of 0.85 ± 0.05. According to the Bergey's manual of systematic bacteriology and considering some of the physiological and biochemical tests performed, the strain Z08 was tentatively named R. sphaeroides. To further confirmation of the isolate identity, the 16SrDNA genes of the isolate was partially sequenced following Polymerase chain reaction (PCR) amplification and it was compared with the sequences deposited in the database. The phylogenetic tree (Fig.  3) showed that isolate Z08 was unidentified specie that was closely related to Rhodobacter sp. showing similarity of more than 95 %. The isolate was joined closely with R. sphaeroids species such as KD131, ATCC17029, IFO12203, SKO11 and DB803, respectively more than any other tested Rhodospirillaceae family (Fig. 3) . It had been stated by some researchers that phototrophic bacteria especially the purple non-sulfur photosynthetic bacteria (PNSB) are widely distributed in soil, water and wastewater (Holt et al., 1994) . In recent times, PNSB isolation has been made in wastewater, sludge and stagnant pond (Choorit et al., 2002; Kantachote et al., 2005; Myung et al., 2005) . This is according to the authors search the most recent isolation of PNSB made from soil hence the name wild strain.
Application of the isolate Z08 to wastewater biodegradation Pharmaceutical wastewater treatment
Different concentrations of real time pharmaceutical wastewater obtained from a medium scale factory in Harbin, China were inoculated with 20 % inoculums of Z08 isolate. Incubations were for seven days at 30 ºC under the illumination of 3500lx incident light intensity utilizing incandescent lamp micro aerobically. The operation pH was neutral while the wastewater was centrifuged at 150 rev/min for 10 min before sterilization for 20 min at 0.103 MPa, 121ºC. Intermittently at 3, 5 and 7 d respectively, the cell suspensions were withdrawn, centrifuged at 9000 rev/min for 15 min, the COD reduction was measured using the supernatant solution and the sludge biomass yield calculated. Analyses of the treatments showed that 1:4 wastewater dilutions gave the best result with COD reduction of approximately 50 %, biomass yield of 780 mg/L dry cell weight (DCW) and specific growth rate of 0.015/h (Fig.  4) , an indication that toxic ridden wastewater is best treated upon dilution. Although the COD reduction increased remarkably from 3 d to 7 d in all treatment concentrations (1:10, 1:4 and 1:1) before remaining unchanged, 5 d was considered the optimum retention time partly for economic reasons and also because the majority of the aggregated organic pollutants reduction (COD %) were achieved within 5 d (Fig. 4) . Choosing 1:4 diluted wastewater as the best condition for the 
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Rhodobacter sphaeroides IFO 12203 (D16425) pharmaceutical wastewater to be biodegraded by Z08 was as a result that 1:4 dilution recorded a better biomass yield of approximately 0.2 in contrast to dilution 1:10 and the undiluted wastewater which recorded 0.12 and 0.13, respectively. This is also an indication that 1:4 dilution of pharmaceutical wastewater coud lead to a better bioreactor conversion efficiency whereby the pollutants are converted to biomass using Z08 isolate. In addition, the results of initial experiements of authors showed that undiluted (1:1) wastewater leads to attainment of early stationary phase by the organism which stalled the growth. Furthermore, the GC-MS spectrometry analyses of the influent pharmaceutical wastewater after initial centrifugation (150 rev/min, 10 min), showed that the wastewater was characterized with persistent organic compounds which are lethal in nature. Some of the organic compounds are; eicosane, pentacosane, hexacosane, heptacosane, tetracosane and octacosane (spectra not shown). These compounds evidently indicated the content of the pharmaceutical wastewater which depicted the existence of hydrocarbons within the range of 18 -40 carbon atoms. These compounds are resistant to biodegradation and accumulate in the environment with a resultant negative effect on the food web. Hydrocarbons have been demonstrated to inhibit enzyme activities as well as tendency for bioaccumulation (Sapana et al., 2008) . The yielded effluent after 3 d treatment depicted some transformation of the persistent organics to less lethal compounds such as 1, 2-benezenedicarboxylic acid and butyl 2-methylpropyl ester. Considering the fact that pharmaceutical wastewater contains large quantities of refractory organic toxic substances (Fent et al., 2006; Oktem et al., 2007; Ren et al., 2008; Yang et al., 2009; Giri et al., 2010) as well as residues of antibiotics, sustenance of pollutants reduction and transformation of the recalcitrant compounds by the isolate Z08 in the toxic ridden wastewater up to 7 d before decline suggested that the isolate Z08 has some toxic tolerance level with potentials in detoxification of toxic pollutants.
Soybean wastewater treatment
Non-sterilized soybean wastewater was inoculated and treated at the same conditions as stipulated in section 4.1 (i.e., the pharmaceutical wastewater treatment) under natural light intensity. The biomass yield was measured every 12 h till 168 h during the treatment. Treatment of different soybean wastewater concentrations without lyses at natural light intensity, recorded significant COD reduction after 72 h cultivation; extension of the treatment time had no effect on the COD reduction. At 72 h the aggregated COD reduction was 83 %, 90 %, 80 % and 74 % at the various foods to microorganism's ratio (F/M) of 40, 20, 10 and 2 respectively (Fig. 5) . The specific growth rate (ca. 0.025/h) equally remained constant after 3 d Hydraulic retention time (HRT) (data not shown). Therefore, it is concluded that the isolate Z08 could directly treat organic ridden wastewater without lyses under micro aerobic light condition without additional cost. This ascertion was as a result of the fact that the soybean processing wastewater, like other organic wastewaters, is rich in monosaccharide, oligosaccharides, K, P, Ca, Fe, vitamins, organic acids, water-soluble protein, amino acids, lipids and other nutrients. However, in the conventional activated sludge process (aerobic treatment), these organic nutrients increase the organic load and operational costs of the treatment processes cum wastage of valuable nutrients (Lerner et al., 2007; Zhu et al., 2008) . In this study, the biomass yield was comparable to the yield produced by the conventional aerobic activated sludge (Table 5 ) without additional cost. This is an indication that the isolate Z08 could produce enormous biomass via pollutants degradation at less available oxygen. Also this treatment process is more effective than the conventional activated sludge treatment process solely because Z08-treatment has the potential for single cell protein recovery via harvest of the biomass at the same time achieving wastewater purification goal at low energy cost and the biomass could be utilized directly as soil conditioner or in animal feed supplement. In contrast, the conventional activated sludge yields hazardous sludge which demands additional treatment prior to usage (Zhu et al., 2008) . PSB have been reported to be rich in vitamins and proteins (Kobayashi and Tchan, 1973; Imhoff, 1992; ) hence a good source of single cell protein recovery. In addition, analysis of the accumulated biomass showed the crude protein content to be 42 % depicting single cell protein production. 
CONCLUSION
The wild strain PSB isolate named Z08 is a PNSB which was identified as been closely aligned to R. sphaeroides by 16SrDNA. This study showed that PSB species are numerous and many species are yet to be isolated and identified accordingly. It is also an indication that prokaryotes are easy to multiply particularly the heterotrophic that blooms in intense radiation utilizing varied organic substrates. Furthermore, the entire study suggested that wild strain PSB could be isolated in any suitable environment for adaptation to both organic and inorganic contaminate reductions hence the isolate utilization of micro / macro compounds. Lastly, Z08 growth in toxic ridden pharmaceutical wastewater showed that the new PSB isolate has some toxic toler an ce level an d could be applied to bioremediation of contaminated environment. While the high COD removal and biomass yield recorded during soybean wastewater treatment under natural light intensity suggested its potential in high organic strength wastewater purification with the recovery of useful resource without additional cost. The crude protein con tent of the soybean biomass was approximately42 %, which was an indication of single cell protein production.
